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60Objective: Pulmonary resections are performed at thoracic residency (TR), general surgery residency (GSR), no
surgery residency, and no residency hospitals. We hypothesize that morbidity and mortality for these procedures
are different between hospitals and that operations performed at TR teaching hospitals have superior results.
Methods: Records of adults who underwent pneumonectomy, lobar, segmentectomy, and nonanatomic wedge
resections (N ¼ 498,099) were evaluated in an all-payer inpatient database between 2003 and 2009. Hospital
teaching status was determined by linkage to Association of American Medical College’s Graduate Medical
Education Tracking System. Multiple hierarchical regression models examined the in-hospital mortality, occur-
rence of any complication, and failure to rescue.
Results: The mean annual pulmonary resection volume among hospitals was TR (16%), GSR (17%), no
surgery residency (28%), and no residency (39%). Unadjusted mortality for all procedures was lowest at TR
hospitals (P<.001). Likewise, any complication was least likely to occur at TR hospitals (P<.001). After
case-mix adjustment, the risk of any complication after segmentectomy or nonanatomic wedge resection was
lower at TR hospitals than in GSR hospitals (P<.001). Among pneumonectomy recipients, TR hospitals re-
duced the adjusted odds ratio of failure to rescue by more than 25% compared with no surgery residency
(P<.001). Likewise, in patients who underwent pneumonectomy, TR centers were associated with reducing
the odds ratio of death by more than 30% compared with GSR hospitals (P<.001).
Conclusions: In comparison with other hospitals, including GSR hospitals, TR hospitals have lower morbidity
and mortality. These results support using hospitals with a TR as an independent prognostic indicator of out-
comes in pulmonary resections. (J Thorac Cardiovasc Surg 2013;145:60-7)Supplemental material is available online.
The regulatory climate in the United States has led to in-
creased scrutiny of postsurgical quality and outcomes, in-
cluding those after pulmonary resections, and as such,
center and surgeon performance data are being made read-
ily accessible.1-3 As a quality indicator, the Center for
Medicare and Medicaid Services intends to expand
public reporting of procedure-related outcomes.3-6 It is
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The Journal of Thoracic and Cardiovascular Surgeother procedures, such as pulmonary resections, will be
included in such reports. Pulmonary resections, such as
pneumonectomy, lobar, segmentectomy, and nonanatomic
wedge resections, are performed in a variety of hospitals,
including those with thoracic surgery residency (TSR),
general surgery residency (GSR), no surgery residency
(NSR), and no residency (NR).
Pay-for-performance incentive programs for such spe-
cialty surgeons have expanded over the last decade and
shifted their reimbursement strategies from process mea-
sures to outcome effectiveness measures.7-9 Establishing
assessable and computable metrics among surgical
subspecialties is important for effective comparisons.9 Fur-
thermore, failure to discriminate the outcomes between tho-
racic surgery and general surgery teaching hospitals may
falsely suggest similar outcomes at these centers.
On the basis of volume-to-outcome associations,10,11
currently considered one of the benchmarks for various
outcome and quality programs,12 the systematic channeling
of patients to disease-specific specialists at teaching hospi-
tals has grown.13,14 Clinical outcomes ultimately will drive
referral patterns, costs, and access to care as interpreted by
patients, providers, and payers. On the basis of these
characteristics, we hypothesized that pulmonary resections
performed at teaching and nonteaching hospitals have
different outcomes. Although this question has been partlyry c January 2013
Abbreviations and Acronyms
ACGME ¼ Accreditation Council for Graduate
Medical Education
AHRQ ¼ Agency for Healthcare Research and
Quality
AUC ¼ area under the receiver operating
characteristic curve
GSR ¼ general surgery residency
ICD-9-CM ¼ International Classification of
Diseases, 9th Revision, Clinical
Modification
NIS ¼ Nationwide Inpatient Sample
NR ¼ no residency
NSR ¼ no surgery residency
TSR ¼ thoracic surgery residency
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Sstudied in the context of lung cancer–related resections,15,16
a contemporary series evaluating the impact of all-cause pul-
monary resections performed at any type of hospital in the
United States remains unknown. In addition, we postulated
that even among surgery teaching hospitals, TSR and GSR
programs would have differences in outcomes.MATERIALS AND METHODS
Data Sources
Data were abstracted from the 2003 to 2009 Nationwide Inpatient Sam-
ple (NIS). The NIS is the largest Healthcare Cost and Utilization Project
all-payer inpatient database, sponsored by the Agency for Healthcare Re-
search and Quality (AHRQ).17 No data imputations were performed, data-
sets were reviewed for any systematically missing values, and records
accordingly were excluded from evaluation.
Hospital identifiers were abstracted from the American Hospital Asso-
ciation 2009 database. The NIS and American Hospital Association
databases contain deidentified administrative-level data and were not con-
sidered human subjects research; thus, they were exempted from review by
the University of Virginia’s Human Investigation Committee.
Patients and Groups
Patients were selected (N ¼ 498,099) if they underwent a pneumonec-
tomy, lobar, segmentectomy, or a nonanatomic wedge resection using In-
ternational Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM) codes—pneumonectomy: 32.5, 32.50, and
32.59; lobar: 32.4, 32.41, and 32.49; segmentectomy: 32.3, 32.30, and
32.39; and nonanatomic wedge resection: 32.29. All procedure codes
(PR1-PR15) were queried to identify patients as having undergone either
of these procedures regardless of indication. Cases in which multiple pul-
monary resections occurred were assigned to a group on the basis of the
first resection code to avoid double counting any record. Patient risk factors
were assessed using the AHRQ comorbidities developed by Elixhauser and
colleagues,18 which provide effective adjustments for mortality risk among
surgical populations.19
Hospital Educational Status Assignment
Hospital educational status was determined by identifying all Thoracic
Surgery or General Surgery residency training programs accredited by the
Accreditation Council for Graduate Medical Education (ACGME), asThe Journal of Thoracic and Cidentified by the American Medical Association Fellowship and
Residency Electronic Interactive Database Access Online System.20 On
the basis of these strata, hospitals were differentiated into TSR (N ¼ 73),
GSR (N¼ 244), NSR (N¼ 1135), and NR (N¼ 4133) hospitals. ACGME
training programs where a Thoracic Surgery and General Surgery resi-
dency coexist were coded as TSR hospitals. The American Hospital Asso-
ciation, American Medical Association Fellowship and Residency
Electronic Interactive Database Access Online System, and NIS databases
were then cross-linked by an identifier key, while maintaining the integrity
of the deidentified data among NIS records for assigning teaching status.
Outcomes of Interest
In-hospital mortality, risk of complication, and failure to rescue, defined
as mortality after a complication, were the primary outcomes of interest.
Risk of complication included any complication that was identified and
limited to the hospital admission recorded ICD-9-CM codes. Because
the NIS contains inpatient data, only complications occurring after
hospital discharge cannot be evaluated. Several ICD-9-CM codes were
adapted from previously described work to identify the occurrence of
a complication.21
Statistical Analysis
Descriptive statistics were computed as described.21 Hospital educa-
tional status annual mean case volume, unadjusted mortality, complication
rate, and failure to rescue were calculated. Hierarchical generalized linear
equations calculated the adjusted odds of the dependent variable (by con-
trolling for differences in case-mix, hospitalization, and administrative fea-
tures, ie, [1] patient characteristics such as risk factors, gender, and age; and
[2] hospital and administrative characteristics such as admission month,
year, center bed size, and region of the United States where the center is
located). Model covariates were selected a priori on the basis of decisions
about their likely contribution toward the prediction of the outcome.22-25
All covariates selected for inclusion were retained in the final models.
The models’ predictive capacity to discriminate was measured by
computing the area under the receiver operating characteristic curve
(AUC).
We present the results from mixed-effects models. There was no dis-
cernible difference in model performance characteristics or parameter es-
timates between these 2 approaches. To confirm model validation, we
created randomly resampled equal split-samples from the original annual
dataset(s), using the derivation dataset(s) to develop our models, and the
confirmatory dataset(s) for validation. These 2 sets of models had minimal
decrement (did not change by>10%). All data were analyzed using IBM
SPSS Complex Samples 20 (SPSS Inc, An IBMCo, Armonk, NY). Adjust-
ments for the stratification structure in the NIS datasets were made using
appropriate discharge weights.
RESULTS
Annual case volumes are lowest at hospitals with TSR
programs. TSR hospitals performed the fewest pulmonary
resections annually (16%) (Tables 1 and 2). NR hospitals
(N ¼ 4133) performed the highest proportion of pulmo-
nary resections annually (39%), and GSR teaching hospi-
tals (N ¼ 707) performed approximately more than half
the proportion of pulmonary resections versus NSR teach-
ing hospitals (N ¼ 1135) (GSR: 17%, NSR: 28%). There
was a 34% decrease in association with pulmonary resec-
tion volume at TSR hospitals (N ¼ 331) between 2003 and
2009. These data confirm that NR hospitals perform
more pulmonary resections than hospitals with surgery
residencies.ardiovascular Surgery c Volume 145, Number 1 61
TABLE 1. Distribution of pulmonary resections by hospital educational status
Pneumonectomy Lobar Segmentectomy Nonanatomic wedge
TSR 4441 (19.62%) 30,936 (13.91%) 7608 (17.36%) 39,060 (18.70%)
GSR 3847 (17.00%) 37,815 (17.00%) 8412 (19.20%) 34,762 (16.64%)
NSR 6676 (29.50%) 63,658 (28.62%) 10,803 (24.65%) 56,758 (27.17%)
NR 7670 (33.89%) 90,031 (40.47%) 17,000 (38.79%) 78,299 (37.49%)
TSR, Thoracic surgery residency; GSR, general surgery residency; NSR, no surgery residency; NR, no residency.
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tion, and failure to rescue are lower at TSR hospitals.
Among pneumonectomy, segmentectomy, and nonana-
tomic wedge resection recipients, the lowest unadjusted
mortality rates were noted at TSR hospitals (Figure 1, A).
In comparison, the highest mortality occurred at NR hospi-
tals. Likewise, the lowest unadjusted complication rate in
patients undergoing lobar, segmentectomy, and nonana-
tomic wedge resection was also associated with TSR hospi-
tals (Figure 1, B). Failure to rescue after lobar and
segmentectomy resection was lowest at GSR teaching hos-
pitals, whereas patients undergoing pneumonectomy and
nonanatomic wedge resection had the lowest failure to res-
cue at TSR hospitals (Figure 1, C). Taken together, these
data suggest that TSR hospitals have the lowest in-
hospital mortality after pulmonary resection, with low
post-resection complication rates. Furthermore, when
a complication does occur, the ability to rescue such pa-
tients occurs most efficiently at TSR hospitals.
Adjusted mortality after pulmonary resection is lowest at
hospitals with thoracic surgery residencies. After case-mix
adjustment (Tables E1-E4), TSR hospitals were associated
with an improvement in the adjusted odds ratio (OR) of
mortality after pneumonectomy by more than 35%
compared with GSR hospitals (Table 3). Likewise, TSR
hospitals were also associated with a reduction in the ad-
justed OR of mortality after pneumonectomy by 31% com-
pared with NSR hospitals (AUC, 0.87). However, this
reduction in mortality by TSR hospitals was not as robust
after lobar resection, whereas GSR hospitals were associ-
ated with a 37% reduction in mortality compared with
NR hospitals (AUC, 0.91). Conversely, on the basis of the
unstandardized regression coefficient B measured on the
same scale, there was a clear mortality benefit to recipientsTABLE 2. Unadjusted mortality, complication rate, failure to rescue,
and mean annual case volume for all pulmonary resections by hospital
educational status
Mean annual
case volume Mortality
Complication
rate
Failure to
rescue
TSR 11,721 (16%) 13.20% 14.10% 13.00%
GSR 12,119 (17%) 14.60% 16.90% 14.90%
NSR 19,699 (28%) 28.80% 28.50% 29.90%
NR 27,571 (39%) 43.40% 40.40% 42.20%
TSR, Thoracic surgery residency; GSR, general surgery residency; NSR, no surgery
residency; NR, no residency.
62 The Journal of Thoracic and Cardiovascular Surgeof segmentectomy and nonanatomic pulmonary resections
when they underwent their procedure at a TSR hospital
(AUC, 0.89 and 0.91, respectively). TSR hospitals were as-
sociated with a reduction in the adjusted odds of mortality
after segmentectomy by 35% and after nonanatomic wedge
resection by 24% in comparison with NR hospitals. Collec-
tively, these data suggest that TSR hospitals are indepen-
dently associated with a reduction in the adjusted odds of
death after pulmonary resections.
Adjusted risk of complication rate after pulmonary resec-
tion is lower in hospitals with thoracic surgery residencies.
Among pneumonectomy recipients (Tables E1-E4), GSR
hospitals were 24% less likely to be associated with the
adjusted odds of developing a complication compared
with NR hospitals (Table 4). TSR hospitals had a similar,
yet slightly lower reduction of 19% (AUC, 0.85). In pa-
tients who underwent a lobar or nonanatomic wedge resec-
tion, TSR hospitals had significant reductions in the
adjusted OR of the risk of developing any complication
(AUC, 0.85). Likewise, in patients undergoing segmentec-
tomy, TSR hospitals were associated with the greatest re-
duction in the risk of developing a complication by 23%
compared with NR hospitals (AUC, 0.85). Insomuch as
GSR hospitals were beneficial for patients undergoing
pneumonectomy, TSR hospitals were independently associ-
ated with a reduction in the odds of developing a complica-
tion after lobar, segmentectomy, and nonanatomic wedge
resections.
Adjusted risk of failure to rescue after pulmonary resec-
tion is reduced at hospitals with TSR programs. The reduc-
tion in the adjusted odds of failing to rescue a patient from
death after developing a complication after a pneumonec-
tomy was greatest at TSR hospitals (Table 5). Compared
with NR hospitals (Tables E1-E4), TSR hospitals were
associated with a reduction in the adjusted odds of failure
to rescue in these patients by 66% (AUC, 0.88). Of
note, NR teaching hospitals were associated with an
increase in the adjusted OR of failure to rescue after
segmentectomy (AUC, 0.93) and nonanatomic wedge
resection (AUC, 0.92). Collectively, these data indicate
that the ability to detect a complication after surgery and
avoid subsequent mortality is greatest at TSR hospitals.
DISCUSSION
The current study examines the contemporary perfor-
mance across the most commonly offered pulmonaryry c January 2013
FIGURE 1. Proportion of unadjusted mortality (A), risk of developing any complication (B), and failure to rescue (C) across hospital subtypes after pul-
monary resection.
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hospitals using a population-based analysis. On the basis of
these analyses, the hospital TSR status should be considered
an independent prognostic indicator of quality in pulmo-
nary resections. There are several independent lines of evi-
dence in support of this assertion. First, we found that
unadjusted mortality for procedures was lower at TSR hos-
pitals, as was the risk of developing any complication. Sec-
ond, the adjusted OR of the risk of developing any
complication after lobar, segmentectomy, or nonanatomic
wedge resection was lower at TSR versus GSR hospitals.
Third, among pneumonectomy recipients, TSR hospital sta-
tus independently reduced the adjusted OR of failure to res-
cue by more than 25% compared with NSR. Fourth, again
in patients undergoing pneumonectomy, TSR programsThe Journal of Thoracic and Clowered the adjusted OR of death by more than 30% com-
pared with GSR programs. Taken together, these data sup-
port the hypothesis that TSR programs offers additional
benefit to patients undergoing pulmonary resection.
Cheung and colleagues15 evaluated 13,469 patients with
lung cancer who underwent resection with curative intent at
Association of AmericanMedical Colleges teaching institu-
tions between 1998 and 2002 in the Florida Cancer Data
System linked to the Florida Agency for Health Care Ad-
ministration database and found that teaching status was as-
sociated with a lower adjusted OR of mortality compared
with nonteaching facilities. Furthermore, the authors also
reported that median survival, 90-day, and 5-year mortality
were all lower at high-volume and teaching hospitals com-
pared with low-volume and nonteaching hospitals.15ardiovascular Surgery c Volume 145, Number 1 63
TABLE 3. Hierarchical regression models comparing hospital residency status as an independent indicator of mortality across pulmonary
resections
Pneumonectomy Lobar
Adjusted OR (95% CI) R2, AUC P value Adjusted OR (95% CI) R2, AUC P value
TSR 0.33 (0.21-0.53) 31%, 0.87 <.001 0.83 (0.66-1.05) 31%, 0.91 .001
GSR 0.69 (0.47-0.99) 0.63 (0.50-0.79)
NSR 0.64 (0.48-0.85) 0.95 (0.80-1.13)
Segmentectomy Nonanatomic wedge
TSR 0.65 (0.39-1.08) 28%, 0.89 .38 0.76 (0.60-0.95) 32%, 0.91 .12
GSR 0.86 (0.58-1.28) 0.92 (0.75-1.13)
NSR 0.99 (0.70-1.42) 0.98 (0.82-1.16)
Reference, NR hospital. OR, Odds ratio; CI, confidence interval; R2, Nagelkerke R2; AUC, area under receiver operating characteristic curve; TSR, thoracic surgery residency;
GSR, general surgery residency; NSR, no surgery residency.
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outcomes, we similarly demonstrate that undergoing a pul-
monary resection at a surgery teaching hospital offers amor-
tality benefit to patients. This benefit is even more enhanced
when patients undergo resections at hospitals with TSR pro-
grams. In contrast to the work by Cheung and colleagues,15
our work is performed in a more contemporary series and
provides the most current assessment of outcomes in pul-
monary resection recipients in the United States.
A comparison between The Society of Thoracic Sur-
geons General Thoracic Surgery Database and NIS
(2002-2008) by Lapar and colleagues26 demonstrated a
3% unadjusted mortality rate and 23.6% complication
rate after pulmonary resections (ie, sublobar resection,
lobectomy, and pneumonectomy) performed for primary
lung cancer in the NIS. The current study using the NIS
(2003-2009) includes pulmonary resections for all causes
and exhibits similar mortality and complication rates. Not-
withstanding coding differences between these studies, the
consistency in observations validates our results. Ellis and
colleagues27 examined the NIS (1998-2007) and found
that thoracic surgeons had greater lymphadenectomy rates
and fewer postoperative complications. These data are sup-
portive of our results and when taken in the context of the
current findings also suggest that cases staffed by thoracicTABLE 4. Hierarchical regression models comparing hospital residency st
pulmonary resections
Pneumonectomy
Adjusted OR (95% CI) R2, AUC P value
TSR 0.81 (0.62-1.05) 44%, 0.85 .05
GSR 0.76 (0.59-0.98)
NSR 0.78 (0.63-0.96)
Segmentectomy
TSR 0.77 (0.63-0.94) 41%, 0.85 .06
GSR 0.94 (0.79-1.11)
NSR 0.89 (0.77-1.04)
Reference, NR hospital. OR, Odds ratio; CI, confidence interval; R2, Nagelkerke R2; AUC
GSR, general surgery residency; NSR, no surgery residency.
64 The Journal of Thoracic and Cardiovascular Surgesurgeons at TSR centers have better outcomes.27 In 2009,
Farjah and colleagues28 reported that general thoracic
surgeons performed preoperative and intraoperative staging
more often than general surgeons. Collectively, this study
and others26-28 identify multiple reasons why outcomes
for pulmonary resection procedures are superior at
hospitals with TSR programs.
In 2008, Meguid and associates16 from Johns Hopkins re-
ported on the association between mortality and ACGME-
defined hospital teaching status in patients with lung cancer
using the NIS (1998-2004). This study examined recipients
of pneumonectomy, segmentectomy, and lobectomy, and
their results demonstrated a 17% mortality benefit for pa-
tients undergoing resection at teaching hospitals. In contrast
to the current study, Meguid and colleagues16 found no ad-
ditional mortality benefit to patients receiving a pulmonary
resection at hospitals with a TSR program. Despite the fact
that the focus and hypotheses of the 2 studies were different,
there are several plausible explanations for the variation in
our findings. Insomuch as subtle differences exist between
the 2 study populations, our work reflects the most current
data available at the national level. In addition, we base
our findings stratified by the currently approved ACGME
programs for thoracic and general surgery.29 Our risk ad-
justments were made using the Elixhauser comorbiditiesatus as an independent indicator of the risk of any complication across
Lobar
Adjusted OR (95% CI) R2, AUC P value
0.85 (0.77-0.93) 40%, 0.85 <.001
0.97 (0.90-1.05)
0.89 (0.83-0.95)
Nonanatomic wedge
0.72 (0.65-0.79) 37%, 0.85 <.001
0.98 (0.89-1.06)
0.92 (0.86-1.00)
, area under receiver operating characteristic curve; TSR, thoracic surgery residency;
ry c January 2013
TABLE 5. Hierarchical regression models comparing hospital residency status as an independent indicator of the failure to rescue patients after
undergoing a pulmonary resection
Pneumonectomy Lobar
Adjusted OR (95% CI) R2, AUC P value Adjusted OR (95% CI) R2, AUC P value
TSR 0.34 (0.19-0.61) 32%, 0.88 .001 0.79 (0.58-1.08) 32%, 0.92 .13
GSR 0.80 (0.51-1.27) 0.73 (0.54-0.97)
NSR 0.62 (0.42-0.90) 0.96 (0.77-1.20)
Segmentectomy Nonanatomic wedge
TSR 1.09 (0.52-2.30) 36%, 0.93 .03 0.75 (0.54-1.05) 31%, 0.92 .32
GSR 0.77 (0.41-1.44) 1.01 (0.76-1.35)
NSR 1.86 (1.11-3.11) 1.02 (0.80-1.31)
Reference, NR hospital. OR, Odds ratio; CI, confidence interval; R2, Nagelkerke R2; AUC, area under receiver operating characteristic curve; TSR, thoracic surgery residency;
GSR, general surgery residency; NSR, no surgery residency.
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Sinstead of the Charlson Index and examination of the risk of
any complication and failure to rescue, which all provide
unique facets to the current study. An additional unique ob-
servation of our study was the particularly disturbing find-
ing that failure to rescue is so poor in hospitals without
residencies, suggesting that there is a failure to recognize
significant postoperative complications and then respond
appropriately.Study Limitations
There are limitations to our study. The focus of this
study was to perform a contemporary examination among
teaching and nonteaching hospital outcomes after com-
monly performed pulmonary resections, and not to assess
surgeon or hospital volume impact on outcomes. In addi-
tion, it is not possible with the NIS database to ascertain
the certification status of the surgeon as to whether he or
she has board certification by the American Board of Tho-
racic Surgery. The NIS is a large database with the poten-
tial for erroneous coding among ICD-9-CM procedure
codes. For example, in patients who had multiple pulmo-
nary resections assigned, groups were coded on the basis
of the first pulmonary resection code and may not neces-
sarily reflect the most important or significant procedure
performed during the admission. However, the NIS repre-
sents a random sampling of discharge-level data that are
externally and internally validated. Therefore, coding er-
rors should be homogenously distributed across groups,
equally affecting the study populations in this evaluation.
There are also limitations using the Elixhauser AHRQ
comorbidities to assess patient risk factors. Several impor-
tant risk factors known to influence pulmonary resection
surgery outcomes, such as patient age, performance
status, and preoperative diagnosis, are not in these
categorizations.CONCLUSIONS
In comparison with other hospitals, specifically GSR
teaching hospitals, and despite a steady decline in annualThe Journal of Thoracic and Cpulmonary resection volume, TSR teaching hospitals
have lower mortality after pneumonectomy, segmentec-
tomy, and nonanatomic wedge resections. In addition,
in comparison with NR hospitals, morbidity after lobar,
segmentectomy, and nonanatomic wedge resection is
lower at TSR versus GSR teaching hospitals. The risk
of failure to rescue after pneumonectomy and nonana-
tomic wedge resection is least associated with TSR teach-
ing hospitals. The mechanisms that confer these benefits
to patients undergoing pulmonary resections at TSR
teaching hospitals require further exploration. Neverthe-
less, these data support using TSR hospital teaching sta-
tus as an independent prognostic indicator of outcomes
in pulmonary resections.References
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Dr Mark J. Krasna (Neptune, NJ). Studying quality outcomes
for surgical procedures is important as a tool for self-improvement
and process improvement, and because these data should be avail-
able to the consumer, the patient, for reference when a patient is
researching the options for care. The idea of developing a referral
system for patients who need complex procedures to go to hospi-
tals with the best outcomes is enticing, because it would provide
for the best possible care for our patients. At the same time, we
must weigh this against the inconvenience to patients and their
wishes when they want to remain as close to home as possible.
This study purported to demonstrate the superiority of outcomes
after pulmonary resection based on teaching status of the hospital
where the procedure took place. The data suggest that the mortality
and morbidity were lowest for thoracic teaching hospitals, to
which we can hypothesize many explanations.66 The Journal of Thoracic and Cardiovascular SurgeAlthough the quality of the procedure was superior among
thoracic teaching hospitals, they accounted for only 16% of the
500,000 patients treated. In fact, approximately 40% were done
at purely community hospitals without any teaching program.
If we were to take the leap forward and recommend or by gov-
ernment edict decree that all patients should undergo these proce-
dures at thoracic teaching hospitals, it would require us to
significantly alter the overall resource allocation for thoracic sur-
gery and cancer care in this country. Not only would the existing
thoracic teaching services not be able to completely care for all
of our patients needing pulmonary resection, but even if patients
were forced to receive care at a regional thoracic teaching hospital,
we do not have enough qualified thoracic surgeons in our specialty
to care for all those patients at those hospitals. In fact, the current
trend in employment and training for thoracic residents suggests
that there will not be enough thoracic surgeons in 10 to 20 years
given the current number of trainees and the current training pro-
grams. Some new version of the health care reform act obviously
will be required to achieve this lofty goal and make it feasible.
Finally, it is important as we try to clarify quality care to identify
common factors that lead to success, such as was undertaken by
the Leapfrog group when they looked at coronary artery bypass
procedures and major thoracic resections. If specific behaviors
or practices can be identified, these could be taught to the remain-
ing community of thoracic surgeons whether they are in teaching
or nonteaching hospitals.
The ultimate goal in quality improvement is to improve the
quality of care overall throughout the health care system across
the United States and the globe. The only way to do that is to
help move the indicator on the dashboard stepwise as we try to
improve care at each individual hospital. This will allow us to
make important improvements while we await broad policy
change to allocate patients to regional centers of excellence.
I have 3 brief questions. Can you give us a breakdown of the sur-
geons at thoracic teaching hospitals by case volume? In other
words, among the excellent programs, were there some surgeons
with better outcomes than others? Previous data, for instance,
from the coronary artery bypass grafting and vascular surgery lit-
erature would say that a particular surgeon or trainee or cases done
by residents or cases done by surgeons had an impact.
Likewise, can you give us data from those nonteaching hospi-
tals on whether there was a program in a nonthoracic teaching
hospital or a nonteaching hospital with so high a volume that
there was a cross point where the quality was met by those
hospitals?
Finally, getting to my comments earlier, has your group identi-
fied a specific process improvement or series of steps or pathways
that we could recommend to the community of thoracic surgeons
that would result in improved outcomes if adopted?
Dr Bhamidipati. Some of your questions are difficult to answer
in the context of the current dataset that we have examined, specif-
ically because we used the NIS, and I think you are privy to some
of those issues as far as unique identifiers changing from year to
year and not being able to track physician sampling from one
year to the next as the data are collected.
We did not analyze, as you know, surgeon or hospital volume in
this particular analysis, but certainly volume has been an issue;
both hospital and surgeon volumes have been factors in severalry c January 2013
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work. For example, last year at the American Association for Tho-
racic Surgery, our group presented that hospital volume was less
important and that surgeon volume was more important in off-
pump coronary bypass graft operations. Also, at the most recently
held American Surgical Association meeting a couple of days ago,
we presented that again (hospital volume is not as important), and
in that particular study we didn’t really look at surgeon volume.
If you look at volume outcome studies, few have actually
looked at volume as a continuous variable. A lot of the studies
that examine volume outcomes, be that surgeon or hospital vol-
ume, have actually created quintiles or terciles where they have
used arbitrary cutoff points to allocate volume groups as an indica-
tor for the dependent variable.
The problem with that kind of analysis, as you know, is that the
interval is considered flat, that is, the hospital or surgeon who did
10 cases would have the same outcome as the hospital or surgeon
who did only 1 case. The best way to do those analyses is to then
examine this question hierarchically in a linear regression with re-
stricted cubic splines or polynomial piecewise calculations to get
a proper sense of how many cases would affect mortality.
Now, 2 other areas to get to what you are saying as far as what
are some other potential ‘‘mechanistic associations,’’ to use those
terms sort of loosely, because ‘‘mechanism’’ implies a causal rela-
tionship, are case mix and board certification, which are 2 areas
that have also been examined. At the Southern Thoracic Surgical
Association in 2008, there was an article presented by the Oregon
group, who actually looked at case mix by threshold and deter-
mined what the outcomes were. They found that noncardiac gen-
eral thoracic surgeons who performed pulmonary resections for
lung cancer had the best outcomes and mortality.The Journal of Thoracic and CTo that end, Dr Birkmeyer and colleagues have published sev-
eral articles in theAnnals of Surgery and The New England Journal
of Medicine, again looking at the surgical volume/hospital volume
issue. Most recently in an article in the The New England Journal
of Medicine in 2011, if you look at the pulmonary resection piece,
forgetting about the rest of the operations, only 16% of the vari-
ance in the mortality is really explained by hospital volume.
I think in reference to our particular analysis, it seems in the ear-
lier work that has been done, case mix, board certification, and sur-
geon volume are 3 key areas that are probably reflecting the results
we see at teaching hospitals. Your point is well made that we can’t
just transfer all the workload that is being performed by commu-
nity hospitals over to academic teaching centers and expect that
the absorption after that adoption is going to actually work.
This is an initial study. There is a lot more to come. We have
generated more hypotheses, perhaps, than answers for ourselves,
and I think it is a step in the right direction to actually get to the
answers for better-quality metrics for patients.
Dr Krasna. Do you have any process improvement that you
could propose to the group, one we could take home for now, or
any hypotheses for your next investigation?
Dr Bhamidipati. I think the next step in this particular work
will be to look at surgeon volume and the number of pulmonary
resections that are performed and determine how that is associated
with mortality, complication rate, and failure to rescue. What is
most interesting in the current work is that if you were to actually
look at the parameter estimates, that is, the covariates that were re-
sponsible to explain the outcome, if we focus on just complications
as an outcome, teaching hospital status was one of the highest con-
tributing parameters toward in the regression analysis. So there is
definitely something to our work.ardiovascular Surgery c Volume 145, Number 1 67
TABLE E1. Model parameter estimates among pneumonectomy recipients (N ¼ 22,663)
Covariate
Mortality Complication rate Failure to rescue
Wald chi-square P value Wald chi-square P value Wald chi-square P value
Month of admission 7.87 .73 8.99 .62 17.45 .10
Weekend day admission 21.76 <.001 0.00 .98 0.59 .44
Year of admission 14.20 .03 3203.01 <.001 122.88 <.001
Hospital teaching status 26.11 <.001 49.36 <.001 3.53 .32
Elective/nonelective 7.89 .01 15.45 <.001 59.94 <.001
Female gender 0.60 .44 6.00 .01 0.06 .81
Hospital bed size 4.75 .09 3.24 .20 0.39 .82
Rural/urban location 0.90 .34 0.41 .52 1.70 .19
US region 12.48 .01 18.22 <.001 12.66 .01
Insurance payer status 1142.15 <.001 5.43 .37 1739.48 <.001
Age 1.91 .17 6.53 .01 57.57 <.001
All models adjusted for Elixhauser comorbidities (patient risk factors).
TABLE E2. Model parameter estimates among lobar resection recipients (N ¼ 222,586)
Covariate
Mortality Complication rate Failure to rescue
Wald chi-square P value Wald chi-square P value Wald chi-square P value
Month of admission 12.53 .33 13.67 .09 4.78 .78
Weekend day admission 8.44 .00 3.11 .08 0.01 .93
Year of admission 76.39 <.001 4875.41 <.001 192.83 <.001
Hospital teaching status 16.68 .00 21.04 <.001 5.57 .13
Elective/nonelective 27.54 <.001 17.00 <.001 15.87 <.001
Female gender 10.72 .00 9.61 .00 2.83 .09
Hospital bed size 9.20 .01 8.41 .02 3.33 .19
Rural/urban location 2.09 .15 1.08 .30 0.63 .43
US region 18.17 <.001 23.37 <.001 7.07 .07
Insurance payer status 3915.05 <.001 4.32 .50 2437.11 <.001
Age 35.81 <.001 10.87 .00 31.81 <.001
All models adjusted for Elixhauser comorbidities (patient risk factors).
TABLE E3. Model parameter estimates among segmentectomy recipients (N ¼ 43,851)
Covariate
Mortality Complication rate Failure to rescue
Wald chi-square P value Wald chi-square P value Wald chi-square P value
Month of admission 3.61 .98 9.45 .58 5.28 .92
Weekend day admission 1.50 .22 2.22 .14 0.24 .63
Year of admission 15.13 .02 926.82 <.001 35.77 <.001
Hospital teaching status 3.06 .38 7.39 .06 8.87 .03
Elective/nonelective 14.37 <.001 0.19 .66 7.02 .01
Female gender 11.72 .00 3.05 .08 5.60 .02
Hospital bed size 7.36 .03 12.10 .00 5.76 .06
Rural/urban location 4.23 .04 0.01 .91 2716.41 <.001
US region 1.17 .76 0.22 .97 1.54 .67
Insurance payer status 770.11 <.001 11.68 .04 341.26 <.001
Age 2.94 .09 0.08 .77 6.94 <.001
All models adjusted for Elixhauser comorbidities (patient risk factors).
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TABLE E4. Model parameter estimates among nonanatomic wedge resection recipients (N ¼ 208,999)
Covariate
Mortality Complication rate Failure to rescue
Wald chi-square P value Wald chi-square P value Wald chi-square P value
Month of admission 16.02 .14 8.99 .62 17.45 .10
Weekend day admission 2.69 .10 0.00 .98 0.59 .44
Year of admission 33.61 <.001 3203.01 <.001 122.88 <.001
Hospital teaching status 5.82 .12 49.36 <.001 3.53 .32
Elective/nonelective 181.25 <.001 15.45 <.001 59.94 .00
Female gender 4.85 .03 6.00 .01 0.06 .81
Hospital bed size 0.01 .99 3.24 .20 0.39 .82
Rural/urban location 7.83 .01 0.41 .52 1.70 .19
US region 12.13 .01 18.22 <.001 12.66 .01
Insurance payer status 5050.87 <.001 5.43 .37 1739.48 <.001
Age 83.66 <.001 6.53 .01 57.57 <.001
All models adjusted for Elixhauser comorbidities (patient risk factors).
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